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Introduction

A brief review of etching of biological
materials
using radio frequency,
ion beam and electrostatic
focused
sources.
Results
of experiments
using
fast
atom sources to dissect
pollen,
diatoms,
protozoa and small arthropods , indicate
that they
produce a much smoother result
which enables
investigations
to be carried
out
at
high
magnifications
with the SEM.

~

and in revised

The use of charged beams to ero de material is not a new concept. Ion sources were being
used by material
scientists
long before the SEM
became generally
available,
and the application
of this technology to biological
problems therefore , started
with the availability
of the SEM
and utilised
ex i sting technology.
The terminology associated
with ion beam work
is unfortunately
ambiguous,
and has caused
some
conf usion in the past.
Early ion guns depended
upon a radio-frequency
(RF) oscillator
to excite
the gas being used,
once excited,
the gas,
or
plasma,
could be directed
by the use of external
magnets and Einzel lenses,
onto the area to be
etched .
This type of gun configuration
is described
by Thornton
(1968),
and early biological
work
using ion sources , used similar guns . Stuart
&
Osborn (1969) etched red blood corpuscles
using a
RF ion etching device.
This apparatus was much
the same in principle
as that
described
by
Thornton , but the excited
plasma was not focused
to project a beam of ions , the erosion took place
in the area where the gas was excited.
Therefore
at this
early stage we had two
systems
being us ed,
both being called
ion
sources , which of course they were, but operating
in
quite
different
ways and giving
quite
different
results.
To the above can be added a
number of variations
using one or other
systems,
or a combination
of both.
Thomas & Hallahan
(1974) used a system which is basically
the same
as the present day commercially available
plasma
ashing systems.
Mcilraith
(1966) described a new type of ion
source
which did not require RF to excite
the
plasma. His source used an electrostatic
field to
contain the charged particles.
In 1972 a new type
of ion gun using this principle
was developed and
described
by Franks and Ghander (1974),
and
subsequently
became known as a saddle field
ion
source.
This
source
used an
electrostatic
principle
to focus and direct
the beam, thus
doing away with filaments , magnetic fields , and
RF oscillators.
The development of this gun was
for materials
rather than biological
application.
The advent of the saddle field source further
complicated
the terminology,
as this to was an
ion gun, and thus by 1972 there were a number of

Ion beams,
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quite
distinct
types of ion sources availa ble to
the
biologist,
but each working on a different
principle,
and each giving a different
result .
Prior
to the public launch of the Cambridge
Scanning
Microscope,
Boyde (1962)
and Boyde &
Stewart
(1962) used an ion source in the chamber
of a prototype
SEM to etch the surface of e namel
on teeth.
Their results
were impressive
for the
time,
but
could
not be repeated
by
any
other
research
workers
because
the
only
SEMs able to be used for this type of investigation were dev e lopment models , and not availa ble
to the general scientist
.
Shortly
after the Cambridge Instrument
Company launched the MkllA microscope in 1965 , they
issued an information
sheet (17819) in which they
described
an ion beam etching accessory . The ion
beam gun etched the specimen in the microscope
specimen
chamber,
and was probably the same as
that
used by Boyde & Stewart and described
by
Thornton.
The Cambridge pamphlet stated,
that in
the biolo gical scie nce s their ion gun could
be
use d to remov e completely
the outer
membrane
sur rounding soft tissue,
revealing
the internal
structure
of the organism.
Support for this sta tement
was an illustration
of etched
pollen
grains,
which had indeed
been etched,
but
revealed
little
th at was recognisable
of the
internal
structure.
Similar photographs probably
made by the same method were published by Echlin
(1971),
where
agai n the material
had been
disrupted
but nothing of significa nc e had been
revealed .
Prior
to this
Lewis
et al.
(1968)
had
examine d red blood ce ll s in the SEM after etching
with a RF source.
The results
were interesting
but there was doubt even in the authors mind if
the results
were artifacts.
Hodges et al . (1972)
attempted
to get ion etching in perspective
in
respect
of animal
tissues,
they used a RF
activated
source,
and etc hed cultured
cells,
and
came to the concl usion , " that
despi te the
optimistic
opinions
ex pr esse d by Lewis
et al.
(1968)
and Muir (1970),
the use of the ion
etc hing techniqu e was unlikely
to prov e
of
significant
value
in
the
examination
of
subsurface
struct ure s , at least for
biological
tissues".
Up to this time the RF induced plasma met hod
was mainly used,
although Lewis (1971) used low
temperature
ashing
which was in fact
an RF
source,
to reveal nerve s in sectioned
mater ia l.
However prior to ashing,
the cells were tr eated
to impregnate
them with silver
by the Golgi
method,
in the hope that those cells which had
not absorbed
the silver
would be ashed
away
leaving t hose that had intact.
He also prepared
tissue usi ng the Cajal silver
method . The results
obtained
from the above were of interest
because
they showed that the cells which had absorbed the
silver
were indeed left
intact,
whilst
thos e
which had not were ashed.
It should be pointed
out that the published results
were not at a very
high magnification
. One thing that was noted , was
that the cel l s that had been treated
with potassium dichromate
(Golgi) were very resistant
to
etching , but those
that had been treated
with
formaldehyde
were not.
Fulker & Holland (1971) also
attempted
to

1. Diatom , unetc hed specimen.

140

Bar

5µm.

for 15 minutes
2. Diatom etched
a saddle field
fast
angle
using
Bar = 5p m.

at 90
atom

degree
source .
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3.
Diatom etched
for 30 minutes,
note the
progr e ssive removal of the silica . Bar= 5pm.

5. Eriophyid
mite etched for 15 minutes using a
fast atom source, note the exposure of the muscle
bands . Bar= 30pm.

4 . Eriophyid

6 . Eriophyid
mite etc hed for 30 minutes , not e
that
further
etc hi ng has exposed
the inte r nal
organs. Bar = 30µ m.

mite unetched

specimen . Bar

30µm.
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compare the results
of two etching methods using
RF excited sources , and concluded that the inter pretation
of the results
were difficult,
and that
selective
fixation
of the tissue may alter
the
results.
They suggested etching of frozen tissue,
and concl uded that, "The difficulties
involved in
interpretation
place serious limitations
on the
usefulness
of
ion
etching
of
biological
mater ial s ".
It would appear that at this time the red
blood cell captivated
the interest
of those using
ion beams, Spector et al , (1974),
Frisch et al,
(1974) and Spector (1975) all produced papers on
RF etching of blood cells.
Spector , loc cit,
was
one of the earliest
workers to produce
micrographs
of evenly erode d red blood cells,
which
were quite di ffere nt from previously
published
pictures.
It is strange that up to this time all
etched results
showed much the same type of stru cture , which was confusing
and difficult
to
interpret,
but when the smoothly eroded
cells
were demonstrated,
it was assumed that this
was
the true picture.
One might say that they were
seeing
what they expected
to see and their
results
fitted
in well with the observations
that
had been made with the TEM. After the demonstration
that blood cells could be eroded
smoothly ,
little
further interest
seems to have been shown .
It
should
be emphasised that at this
point
no
satisfactory
explanation
could
be offered
to
interpret
any of the results,
and it was tacitly
assumed that
if structures
observed
after
ion
bombardment could not be verified
by reference
to
untr eate d material,
either in the SEM or the TEM,
then the results
were artifact
.
This philosophy unfortunately
was, and still
is not very sound , as it assumes that we know all
abo ut cells
and cell structure
because we have
the facility
to examine them with the TEM. The
TEM is as limited as the SEM in respect of exa mination of biological
materials.
Much of the early
work published on etched material
was illustrated
with fairly
low power micrographs,
which visually
tended
to minimize the adverse effects
of the
technique.
Blood
cells
were a popular
subject
for
etching
but as pointed out , interest
seemed to
have been lost when the perfect smooth etch
had
been achieved.
It
is questionable
now if
the
smooth
result
finally
achieve d
accurately
reflected
the actual structure,
but this
point
will
no doubt be open to discussion
for many
years to come.
Kanaya et al . ( 1982) produced a variety
of
results
including
some mineral specimens that had
been etched usin g an electrostatically
focussed
(saddle source) gun. It was claimed that a ll th e
results
were free from "decoration
artifacts
and
thermal
damage" and the results
appear
to
indicate
that this is the case . The aim of these
authors
was to improv e the conductivity
of
uncoated specimens,
which they ac hiev ed , and the
etching
process
seemed to be of a seconda ry
nature.
Linton et al.(1982)
produced a review of
ion beam etching effects
related
to microanalysis , and used two methods of etching , the results
were interesting
but still
showed the typical
cone formation in tissue at high power .
Gener ally
speaking
it
would appear
that

there
are
certain
phenomena associated
with
etched
materials,
which are more marked when an
RF so ur ce is used as opposed to a saddle
field
source . This does not appear to have been appreciated
in the past,
probably due to the variety
of material
that
ha s been examined and what
appears to be the indiscriminate
choice.
Materials
-----

and Methods

Over the last five years
experiments
have
been conducted in this laboratory
to assess
the
usefulness
of ion and fast atom beams, generated
in
a saddle
field
source .
This
type
of
configuration
was selected
because it was thought
that
it
was the most controllable
and f l exible
system , Argon was used to provide
the etc hant
beam because
it
is one of the most readily
available
of the gases used for this purpose . The
set-up
consisted
of a
26M Fast
Atom Beam
source , together
with a Bll and a B21B sa ddl e
field ion source . (Ion Tech , Teddington,England)
.
All sources were water cooled and mounted on a
high vacuum base consisting
of a two stage rotary
pump coupled to a conventional
vapour
diffusion
pump.
Each
of
the
guns could
be
used
independently
or coupled .
Initially
it
was decided
to use
the
apparatus
to investigate
structures
that
were
small
and complex and refractory
to other
forms
of treatment . Diatoms,
mites small
arthropods
provided
a start,
followed later
with pollen ,
which although it can be success fully treated by
orthodox methods,
rapidly yielded results
using
ion beam erosion
that save d a great
deal
of
time , and also revealed structures
that had not
previously
been recorded
using
conventional
methods of preparation .
Results
Diatoms in life are e ndowed with a tough
organic coating over a siliceous
skeleton,
this
coating
is normally removed prior to SEM studies
with
a strong
oxidizing
agent
followed
by
treatment
with a strong acid,which
leaves
them
clean but frequently
disarticulated.
It was found
that
ion
beam etching
for
short
periods
progressively
removed
the
organic
coating
revealing
the
siliceous
skeleton
without
disruption.
Furthermore the etc hing process co uld
be continued
to progressively
remove the silica ,
revealing
details
of str ucture
that
were
impossible
to image by any other method.
Fairman
(1983)
used this
type of etching
to reveal
details
of the internal
structure
of the valves
of
Rhopolodia,
and at the present time it
is
being used to st udy the distribution
of diatoms
on esturine
mud.
The advantage of using this method with mud
samples , is
that
the diatoms do not have to be
removed from the substrate
and cleaned
before
indentification
can be carried out,
therefore
it
is possibl e to see the di str ibution
of vario us
species and their relationship
to each other.
It
has been found that the etching method is more
precise
than the more commonly used fracture
method,
for
studying the internal
config uration
of canals . Material to be etched,
can be placed
in a preferred
orientation
to reveal detail in a

142

Ion beam etching

7. Platycola
decumbens,
field
fast
ato m source
detai l. Bar= 3µm.

of biological

materials

9. Arcella
~.
whole speci men etched as
revealing
complete erosion in some areas.
Bar = 30~m.

etche d with a sad dl e
to reveal
subsurface

8. Arcella ~. test etched wit h saddle field fast
atom source which has removed the surface
layer
exposing a honeycomb structure.
Bar= Sµm.

10 . Arcella ~.
high power detail
eroded area . Bar = 5p m.
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particular
area . Stereoscopic
views of etched
material
have aided reconstruction
st udi es.
An
exampl e
of progressive
etching
is s hown in
Figs . 1,2 and 3 .
Arthropods
Arthropods
such as mites and small
l arval
stages
of some cr ustaceans , are too small
to
dissect
by conventional
met hods , and also
too
small
to yie ld much information
from serial
wax
sections . They are difficult
to prepare for TEM
obse r vations because of their tough cuticle.
Ion
and fast atom etching has been used successfully
to expose subsurface
detail in an eriophyid mite
which is abo ut 140pm l ong . Fig .4 shows a compl ete
spec imen and Figs.5 and 6 s ubseq uent stages
of
erosio n, reve ali ng quit e clear ly muscl e bands and
internal
organs.
animals of this size range are
ideally
s uited for this type of treatment.
Protozoa
Examination
of protozoa by TEMor SEM poses
very few problems.
Sections of most species
can
be readily
obtained
by convent i onal methods.
However
the information
obtained
from
such
methods is frequently
difficult
to interpret
in
depth . Fast atom etching has been used to reveal
su bsurface
detail
in the surface coat
of the
protozoan Platycola
decumbens,
Fig.
7, and also
in the testate
amoe ba Arcella ~·•
Figs.
8 , 9 ,10.
The etching method was far more rapid
than the
conventional
sectioning
techniques , and allowed
large
quantities
of material
to be treated
and
examined rapidly . It is interesting
to note that
most of the str uctures observed in the etched
material
were subsequently
confirmed
with TEM
observatio ns , but some of them were not . This
rai s e s
an
inter e stin g point
that
will
be
commented on later .

11. Thunbergia mysorensis , acetolyse d unetched
apert ur e of a mature pol l en grain , note
that
there are no bridging str uctures present.
Bar = 4µm.

Poll en
~ll
en is co nventionally
examined as whole
grai ns with the SEM or light microsco pe , or as
sectio ns us in g the TEM. Results accu mulated from
the above methods over the years have established
a model for wall structure . Chemical dissection
by Rowley and Prijianto
( 1977) and Southworth
(1974 ,
1985) has indicated
a more
complex
st ru ctu r e than original l y envisaged , which is
difficult
to understand.
Studies using ion and
fast
atom etching techniques have revealed
the
existence
of str uctures that do not show up in
conventional l y prepared
material,
whic h until
recently
wer e regarded as erosio n a rtif acts , but
which may l end support to t he models proposed
by
Rowley
& Prijian to and Southworth .
A newly
developed
technique using permanganat e Claugher
(1986)
has s hown the same structures
as those
fo und in the etched material,
which it is felt
may
be taken
as a verification
of
their
existe nce.
The conventional
method of pr e paring
poll e n
for examination
is by th e acetolysis
method of
Ertdm an (1960) whic h involves the us e of acetic
anhydride and sulphuric
acid , th is tre at ment is
said to remo ve all but the tectum from th e grain,
le avi ng it c l ean a nd free from adherent material.
Whole grains of Thunbergia mysorensis tr eate d
in this way exhibit a c l ea n surface in the area

12. Thunbergia mysorensis,
fast atom etched area
as above showing brid gin g str uctures.
Bar = 10pm.
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permanganate
treated
15. Thunbergia mysorensis,
structures
as
acetolysed
grain
showing similar
those exposed by fast atom etching . Bar= 2pm.

13 . Thunbergia mysorensis , permanganate treated
aceto l ysed grain s howin g the same str uctures
as
those revealed
in the atom etched material.
Bar = 5pm .

of th e Rperture,
Fig.11 .
However
subsequent
etching
of a prepared grain reveal s a bridging
structure
in this area , Fig.12,
that
has not
pr e viously
been described.
When this
structure
was first
noted it was thought to be artifact
,
induced
by
the etching .
However
it
was
subsequently
seen in transmission
sections , and
also by using the permanganate technique , Fig . 13 .
The ion beam treated
material
had in fact pointed
the way , and s ubseq uent alternative
techniques
verified
t hat what was thought to be artifact
was
a gen ui ne structure
that had not previously
been
noted .
Later work on the wall structure
of the same
species using ion beams revealed a complex structure
which was immediatly dismissed
as artifact
,
Fig .1 4 . Photographs of the structures
were ci r culated to other pollen workers who either
declined
to comment , or suggested that the results
were of
no significance
because they were unable
to be
inter pr eted
in the light of what was presently
known . Again s ub se que nt use of a new t echniq ue
has revealed
t he same str uctures indicating
th a t
they do in fact e xist,
Fig.15.
It can be argued an d no doubt will be , that
both the ion etch and th e new technique
are
giving false results,
but an exa mination of published results
of pollen wall st ru ct ur e over
the
last
t en years,
t en d t o confi rm that
the
structu r e is va lid,
and that both the ion beam
and t he new technique,
have i llu s tr ate d the exist ence of a structure
that could not be imaged as
clearly
by the the use of co nve ntional
TEM or
SEM preparative
methods.
All to o freq uentl y,
things
that
are not

14. Thunbergia
mysorensis,
fast
atom etched
section of the wall of a grain. Bar= 2pm.
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properly understood are dismissed as artifact.
It
is not suggested that the images obtained by the
early
workers were not artifact,
some probably
were, but one must not assume that they all were.
All
structures
observed
must
be
properly
scrutinised
and not dismissed till
a satisfactory
explanation
can be found and verified
for them.
In conclusion it can be said that the judicious use of ion and fast atom sources can reveal
the presence of structures
that are unable to be
imaged by any other methods presently
in use.
This immediately poses the obvious problem of how
to sort
out fact
from artifact,
which
is
difficult.
All
that
can be said
is
that
experience of one's
subject,and
an open mind are
good starting
points,
coupled with a familiarity
of past research on the subject.
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D.Claugher
Discussion

with Reviewers

used and may reactive
gases give further insight
into structures
by preferential
etching?
Author:
Argon is the only gas that has been used
in this study,
it may well be that other
gases
may give selective
results.

J.Franks:
What
were the etch
conditions:voltage,
current,
pressure? Were the same conditions used for all specimens?
Author: For most biological
materials
the voltage
was 5kV, current 0.2mA and pressure 2xl0 - 4 torr
I attempt
to use the same settings
for all
biological
materials
and vary the times.

K.Kanaya:
In ion beam etching,
an optimum
incident
angle normal to the object 45-65 degrees
has been obtained and at the critical
angle about
75 degrees the cone-shaped artifacts
similar
with ion etching
are observed.
Then it
is
necessary to explain the artifacts
in the saddle
field source.
Author:
The saddle field ion source will produce
the same type of cone-shaped artifacts,
but it
has been found that this is not dependent upon a
particular
angle,
this type of artifact
can be
produced at any angle. It would appear that there
is some association
between these artifacts
and
energy levels.
The fast atom saddle source on the
other
hand produces far less of this
type of
artifact,
this
is probably due to the nature of
the
beam,
neutrals
as opposed to
charged
particles.

J.Franks:
Were any differences
noticed
between
argon ion beam etching and argon fast atom beam
etching?
Author:
The
ion beam appeared
to be more
destructive
to the specimen than the fast
atom
source, and produced more of what were considered
to be artifacts.
J.Franks:
Is
there
an explanation
for the
difference
between RF etching and beam etching?
Reviewer 4: Does the use of a saddle field
fast
atom source
for etching cause heating
of the
specimen?
Can you tell
what temperature
is
reached during the etching?
Reviewer 4: Is it correct to say that the erosion
of
specimens
subjected
to plasma ashing
is
primarily
a chemical effect caused by the highly
reactive
plasma,
whereas
erosion
due
to
bombardment of the specimen by ions or fast atoms
is primarily
a physical effect?
Author:
I think that the difference
between the
results
of RF and fast atom etching may in part
be due to temperature.
It is suggested by Thomas
& Hallahan (1974) that in RF etching
the mobile
free electrons
are accelerated
to high velocities
by the oscillating
electromagnetic
field and may
achieve an equivalent
gas temperature
of tens
of
thousands of degrees centigrade.
The more massive
and immobile atomic and molecular species attain
a gas temperature
of some tens of hundred degrees
centigrade,
this they conclude may result in the
temperature
of an object being only a few degrees
above room temperature.
The etching
or ashing
action of the plasma,
results
not from a thermal
effect,
but from the formation of highly volatile
compounds as a result of it reacting
chemically
with the surface
of the specimen
Experiments
carried out in my own laboratory
using fast atom sources,
showed that it was not
possible
to raise the specimen temperature ·a hove
96 degrees centigrade,
this result was confirmed
independently
by other workers in another laboratory using a different
method of measurement.
I
have not seen comparable experimental
figures for
RF etching devices,
but would feel that the specimen surface temperature
may well be in excess
of room temperatures,
and probably in excess of
those recorded for fast atom etching.
Fast atom etching results
are not thought
to
be due to the reduction of organic compounds by
chemical
reactions,
but rather
due to the
physical
effect of accelerated
atoms impinging
upon
the
specimen rather
akin
to
atomic
sandblasting.

S.B.Leighton:
A sketch
of the core of the
apparatus
used,
showing the size and geometric
relations
of the source(s)
and the specimens,
would be useful to anyone trying
to replicate
this work or expand upon it.
Author:
The apparatus used has been illustrated
by Franks
(1977),
see further reading
in the
reference
section.
Details
of
specific
measurements
can
be
obtained
from
the
manufacturers,
Ion
Tech,
2
Park
Street,
Teddington,
TWll OLT. Middlesex, Engl a nd. This
firm produces
a flexible
range of guns and
mountings, and one's choice of setup is dependent
upon requirements.
S.B.Leighton:
We have been looking
for the
optimun source to put within the SEM.
Author:
Saddle field sources are small enough to
fit in the chamber of a conventional
microscope.
I have experimentally
fitted
and fired
a fast
atom saddle field source inside the chamber of an
I.S.I.
60A SEM without having to modify it
or
the gun in any way.
S.B.Leighton:
RF etching works for us,
giving
adequate
results
on our material
in about
four
minutes.
It would be useful if we could
figure
out from this paper if saddle field etching would
be smaller,
faster,
and/or better.
Author:
Without knowing which type of RF source
you are using it would be difficult
to answer all
three
of your comments. The saddle field
fast
atom gun is cylindrical
and measures 50mm X 35mm
and can be operated some distance from the power
source.
The speed and quality of the results
would be dependent upon your material.
Reviewer 4: For etching fixed,
soft biological
material
would you say that the saddle field
ion
source or the saddle field fast atom source would
give you better results?
Author:
Without
a doubt the fast
atom saddle
field source.

J.Franks:
Is the use of gases other than argon
being
considered,
e.g.
may differences
be
expected
if lighter
or heavier inert
gases
are
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Ion beam etching

of biological

materials

composed of a mixture of ions and atoms,
or one
consisting
mainly
atoms,
is a function of the
geometry
of the particular
gun used.
Hence the
saddle
field
source
can produce
two distinct
types of beam .
From the above we have three
basic
systems
producing five definable
energised
sources , each
of which is capable of etching or sputtering
( a
collisional
process
that removes atoms from a
target)
specimens at which they are directed.
The
local
density,
sublimination
energy
(heat
vaporization)
and atomic number, are all factors
which affect
the rate at which atoms are
removed
by sputtering
under ion or atom bombardment.
The rate of the etching process by any one of
the methods outlined
above is dependent upon at
least
two factors,
the type of gas used and the
energy
or voltage involved .
There is a system
used in which the energy output is divided
into
the energy input,
and a tentative
figure for the
saddle field fast atom source is in the region of
0.85.
I have no comparable figures
for other
systems . For convenient
categorization
it
is
assumed and quoted that the duo-plasmatron
source
should
be regarded as a low voltage
system and
the saddle field as a high voltage system.
This
is not valid as both sources can be operated
at
the same voltage.
Little
work appears to have been carried
out
comparing
the energy
levels
of the various
systems, and this perhaps should be done, so that
a more reasoned understanding
may be gained as to
exactly what is happening.
There is little
doubt that ion and fast atom
etching
is capable
of showing us more about
biological
materials
than was previously
thought
possible . We must now carefully
assess what has
been done,
how it has been done,
and see if
we
can understand a little
better what has occurred.
This is not a task to be taken lightly,
but I
feel one that may be of great benefit .

R. Levi-Setti
: Some confusion
still
exists
concerning
the various
types
of ion etching
devices . A useful
classification
may be made
according to the energy of the ions
bombarding
the surface
to be etched . Etching
is another
word for
sputtering,
a collisional
process
which removes target atoms.
The energy of the
bombarding
ions plays a role here.
In plasma
devices,
the object is placed within the source
itself,
and the bombarding ions are generally
of low energy, from a few eV to perhaps hundreds
of eV.
No preferred
impinging direction
is
defined,
and
the
etching
is isotropic
in
reference
to the relief
of the sample,
In
another class of devices,
an ion beam is defined,
either
focused
or not,
The energy of the ions
is higher and directional
effects
begin to play
a role.
Thus protrusions
may cast a shadow, a
region
which will be protected
from etching as
long as the protrusion
is casting a shadow . The
result
will
be non-isotropic
etching,
with
possible build-up of artifacts
. In either type
of etching,
differential
sputtering
will enhance
features
which are more resistant
to sputtering
than others.
In crystalline
materials,
the
sputtering
rates
are strongly dependent on the
crystallographic
orientation
relative
to the
direction
of the incident
ions.
The local
density,
sublimation
energy
(heat
of
vaporization),
atomic
number,
are all factors
which affect the rate at which atoms are removed
by
sputtering
under
ion
bombardment .
Furthermore,
electrical
charging
effects
on
insulators
may also modify the local sputtering
rates,
in particular
with
low energy
ions.
Considerations
such as these
should be taken
into
account
for a thorough discussion
of the
topic at hand.
Author:A great variety of ion sources have been
designed,
often for a specific
purpose but they
can be separated
into three distinct
types:(1) RF etching devices,
where ions and atoms
are energised
by the application
of an RF source .
The type of etching produced by this system is
dependant
upon the gas which is being
excited,
and also the type of RF coil being used.
In this
type of apparatus
the specimen is placed in the
chamber where the gas is excited , and therefore
the
bombardment
of the
specimen
is
non
directional.
However it is also possible
to focus
the excited plasma into a coherent
beam, which
will
give higher
etching
rates
due to the
increased
concentration
of atoms and ions in a
smaller area.
Thus with RF sources there are two
quite distinct
systems used.
(2) Duo-plasmatron
devices,
these systems use
a filament or hot cathode as an energy source
to
produce in the presence of a suitable
gas,
ions,
atoms and electrons . The beam is
focused
by
magnetic
lenses,
and can be filtered
to remove
unwanted energy particles
from the system , It can
therefore
be regarded as a selectively
focused
source.
(3) Saddle field source,
this system uses a
diode arrangement
working in the presence of a
suitable
gas to produce a plasma composed mainly
of ions and atoms,
which is focused
by an
electrostatic
field . The production
of a beam
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